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Keep safety first in your circuit designs!

1. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and
more reliable, but there is always the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

1. These materials are intended as a reference to assist our customers in the selection of the Renesas
Technology Corp. product best suited to the customer's application; they do not convey any license
under any intellectual property rights, or any other rights, belonging to Renesas Technology Corp. or
a third party.

2. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any third-
party's rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or
circuit application examples contained in these materials.

3. All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corp. without notice due to product improvements or
other reasons. It is therefore recommended that customers contact Renesas Technology Corp. or
an authorized Renesas Technology Corp. product distributor for the latest product information
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss rising
from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by various means,
including the Renesas Technology Corp. Semiconductor home page (http://www.renesas.com).

4. When using any or all of the information contained in these materials, including product data,
diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total
system before making a final decision on the applicability of the information and products. Renesas
Technology Corp. assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

5. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a device or
system that is used under circumstances in which human life is potentially at stake. Please contact
Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor when
considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

6. The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduce in
whole or in part these materials.

7. If these products or technologies are subject to the Japanese export control restrictions, they must
be exported under a license from the Japanese government and cannot be imported into a country
other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

8. Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.
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General Precautionson Handling of Product

1. Treatment of NC Pins

Note: Do not connect anything to the NC pins.
The NC (not connected) pins are either not connected to any of the internal circuitry or are
used as test pins or to reduce noise. If something is connected to the NC pins, the
operation of the LS| is not guaranteed.

2. Treatment of Unused Input Pins

Note: Fix al unused input pinsto high or low level.
Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
arein their open states, intermediate levels are induced by noise in the vicinity, a pass-
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note: When power isfirst supplied, the product’s state is undefined.
The states of internal circuits are undefined until full power is supplied throughout the
chip and alow level isinput on the reset pin. During the period where the states are
undefined, the register settings and the output state of each pin are also undefined. Design
your system so that it does not malfunction because of processing whileitisinthis
undefined state. For those products which have a reset function, reset the LSl immediately
after the power supply has been turned on.

4. Prohibition of Accessto Undefined or Reserved Address

Note: Accessto undefined or reserved addresses is prohibited.
The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these address. Do not access these registers, the system’s
operation is not guaranteed if they are accessed.
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Preface

The H8/300H Seriesis built around a 32-bit H8/300H CPU core with sixteen 16-bit registers,
aconcise, optimized instruction set designed for high-speed operation, and a 16-Mbyte linear
address space. For easy migration from the H8/300 Series, the instruction set is upward-
compatible with the H8/300 Series at the object-code level. Programs coded in the high-level
language C can be compiled to high-speed executable code.

This manual gives details of the H8/300H CPU instructions and can be used with all
microcontrollersin the H8/300H Series.

For hardware details, refer to the relevant microcontroller hardware manual.
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Main Revisions for this Edition

Iltem Page Revisions (See Manual for Details)

All ad All references to Hitachi, Hitachi, Ltd., Hitachi Semiconductors,
and other Hitachi brand names changed to Renesas Technology
Corp.

Designation for categories changed from “series” to “group”
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Section1 CPU

Section1l CPU

11 Overview

The H8/300H CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 CPU. The H8/300H CPU has sixteen 16-bit general
registers, can address a 16-Mbyte linear address space, and isideal for realtime control.

111 Features

The H8/300H CPU has the following features.

Upward-compatible with H8/300 CPU

0 Can execute H8/300 object programs

General-register architecture

[0 Sixteen 16-bit general registers (also usable as sixteen 8-hit registers or eight 32-bit
registers)

Sixty-two basic instructions

O 8/16/32-bit arithmetic and logic instructions

O Multiply and divide instructions

O Powerful bit-manipulation instructions

Eight addressing modes

Register direct [Rn]

Register indirect [ @ERN]

Register indirect with displacement [@(d:16,ERn) or @(d:24,ERn)]

Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]

Absolute address [ @aa:8, @aa: 16, or @aa:24]

Immediate [#xx:8, #xX:16, or #xx:32]

Program-counter relative [ @(d:8,PC) or @(d:16,PC)]

Memory indirect [ @@aa: 8]

16-Mbyte address space

High-speed operation

O All frequently-used instructions execute in two to four states

O Maximum clock frequency: 16 MHz

O 8/16/32-bit register-register add/subtract: 125 ns

O 8 x 8-hit register-register multiply: 875 ns

OO0o0oo0ooogoo
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Section1 CPU

O 16 + 8-bit register-register divide: 875 ns
O 16 x 16-bit register-register multiply: 1375 ns
O 32+ 16-hit register-register divide: 1375 ns
* Two CPU operating modes
O Normal mode
O Advanced mode
¢ Low-power mode
O Transition to power-down state by SLEEP instruction

112 Differences from H8/300 CPU
In comparison to the H8/300 CPU, the H8/300H CPU has the following enhancements.

e Moregeneral registers
Eight 16-bit registers have been added.
¢ Expanded address space
Normal mode supports the same 64-kbyte address space as the H8/300 CPU.
Advanced mode supports a maximum 16-M byte address space.
» Enhanced addressing
The addressing modes have been enhanced to make effective use of the 16-Mbyte address
space.
* Enhanced instructions
Signed multiply/divide instructions and other instructions have been added.
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Section1 CPU

1.2 CPU Operating Modes

The H8/300H CPU has two operating modes. normal and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports up to 16 Mbytes. The mode is
selected at the mode pins of the microcontroller. For further information, refer to the relevant
hardware manual.

| Normal mod Maximum 64 kbytes, program
ormal mode and data areas combined

CPU operating modes }7

Maximum 16 Mbytes, program

Advanced mode and data areas combined

Figurel.1 CPU Operating Modes
(1) Normal Mode
The exception vector table and stack have the same structure asin the H8/300 CPU.
Address Space: A maximum address space of 64 kbytes can be accessed, asin the H8/300 CPU.

Extended Registers (En): The extended registers (EO to E7) can be used as 16-bit data registers,
or they can be combined with the general registers (RO to R7) for use as 32-bit data registers.
When En isused as a 16-bit register it can contain any value, even when the corresponding

general register (RO to R7) isused as an address register. |f the general register is referenced in the
register indirect addressing mode with pre-decrement (@-Rn) or post-increment (@Rn+) and a
carry or borrow occurs, however, the value in the corresponding extended register will be affected.

Instruction Set: All additional instructions and addressing modes of the H8/300 CPU can be
used. If a24-bit effective address (EA) is specified, only the lower 16 bits are used.

Exception Vector Table and Memory Indirect Branch Addresses: In hormal mode the top area
starting at H'0000 is allocated to the exception vector table. One branch addressis stored per 16
bits (figure 1.2). The exception vector table differs depending on the microcontroller, so see the
microcontroller hardware manual for further information.
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Section1 CPU

H'0000 |
H'0001

Reset exception vector

H'0002 |
H'0003 |
H'0004 |
H'0005

Reserved for system use

Exception
. p

H'0006 |
H'0007

Exception vector 1

vector table

H'0008 |
H'0009

Exception vector 2

O

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions uses

Figure 1.2 Exception Vector Table (normal mode)

an 8-bit absolute address to specify a memory operand that contains a branch address. In normal

mode the operand is a 16-bit word operand, providing a 16-bit branch address. Branch addresses

can be stored in the top area from H'0000 to H'OOFF. Note that this areais also used for the
exception vector table.

Stack Structure: When the program counter (PC) is pushed on the stack in a subroutine call, and
the PC and condition-code register (CCR) are pushed on the stack in exception handling, they are

stored in the same way asin the H8/300 CPU. See figure 1.3.

(a) Subroutine branch

sp—

Note:

\/—\

PC
(16 bits)

\/_\

* Ignored at return.

SP—>

(b) Exception handling

\/—\

CCR
CCR*

PC
(16 bits)

\/_\

Figure1.3 Stack Structure (normal mode)
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(2) Advanced Mode
In advanced mode the exception vector table and stack structure differ from the H8/300 CPU.
Address Space: Up to 16 Mbytes can be accessed linearly.

Extended Registers (En): The extended registers (EO to E7) can be used as 16-bit data registers,
or they can be combined with the general registers (RO to R7) for use as 32-bit data registers.
When a 32-hit register is used as an address register, the upper 8 bits are ignored.

Instruction Set: All additional instructions and addressing modes of the H8/300H can be used.

Exception Vector Tableand Memory Indirect Branch Addresses: In advanced mode the top
area starting at H'000000 is allocated to the exception vector table in units of 32 bits. In each 32
bits, the upper 8 bits are ignored and a branch addressis stored in the lower 24 bits (figure 1.4).
The exception vector table differs depending on the microcontroller, so see the relevant hardware
manual for further information.

H'000000 Don't care

Reset exception vector

H000003 |
H'000004 |
> Exception vector table
Reserved for system use
H00000B |
H'00000C | Don’t care

Exception vector

O

Figure1.4 Exception Vector Table (advanced mode)
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The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions uses
an 8-bit absolute address to specify a memory operand that contains a branch address. In advanced
mode the operand is a 32-bit longword operand, of which the lower 24 bits are the branch address.
Branch addresses can be stored in the top area from H'000000 to H'0000FF. Note that thisareais
also used for the exception vector table.

Stack Structure:When the program counter (PC) is pushed on the stack in a subroutine call, and
the PC and condition-code register (CCR) are pushed on the stack in exception handling, they are
stored as shown in figure 1.5.

(a) Subroutine branch

\_/_\

(b) Exception handling

\_/_\

sP—~ Reserved SP— CCR
————— PC PC
,,,,, (24 bits) (24 bits)

\/_\

\_/_\

Figure1.5 Stack Structure (advanced mode)
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13 Address Space

Figure 1.6 shows a memory map of the H8/300H CPU.

(&) Normal mode (b) Advanced mode
H'0000 H'000000
H'FFFF
H'FFFFFF

Figurel1.6 Memory Map
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14 Register Configuration

141 Overview

The H8/300H CPU has the internal registers shown in figure 1.7. There are two types of registers:
general and extended registers, and control registers.

General registers (Rn) and extended registers (En)

15 07 07 0
EO ROH ROL
El R1H RiL
E2 R2H R2L
E3 R3H R3L
E4 R4H R4L
ES R5H R5L
E6 R6H R6L
SP E7 R7H R7L

Control registers (CR)

23 0
| PC |

76543210
CCR [ I |U[H|U|N|Z]V|C]|

Legend:

SP:  Stack pointer

PC:. Program counter

CCR: Condition code register
Interrupt mask bit

User bit or interrupt mask bit
Half-carry flag
Negative flag

Zero flag

Overflow flag

Carry flag

OsNzITC~

Figurel.7 CPU Registers
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142 General Registers

The H8/300H CPU has eight 32-bit general registers. These general registers are all functionally
alike and can be used without distinction between data registers and address registers. When a
general register isused as a dataregister, it can be accessed as a 32-bit, 16-bit, or 8-bit register.
When the general registers are used as 32-bit registers or as address registers, they are designated
by the letters ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R
(RO to R7). These registers are functionally equivalent, providing a maximum sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) and
RL (ROL to R7L). These registers are functionally equivalent, providing a maximum sixteen 8-bit
registers.

Figure 1.8 illustrates the usage of the general registers. The usage of each register can be selected
independently.

Address registers

» 32-bit registers « 16-bit registers « 8-hit registers
E registers (extended registers)
(EO0 to E7)

ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers
(RO to R7)

RL registers
(ROL to R7L)

Figure1.8 Usage of General Registers

General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 1.9 shows the
stack.
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Free area

SP (ER7)—»

Stack area

Figurel9 Stack

143 Control Registers

The control registers are the 24-bit program counter (PC) and the 8-bit condition-code register
(CCR).

(1) Program Counter (PC)

This 24-bit counter indicates the address of the next instruction the CPU will execute. The length
of al CPU instructionsis 16 bits (one word) or amultiple of 16 bits, so the least significant PC bit
isignored. When an instruction is fetched, the least significant PC bit is regarded as 0.

(2) Condition Code Register (CCR)

This 8-bit register contains internal CPU status information, including the interrupt mask bit (1)
and half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags.

Bit 7—Interrupt Mask Bit (I): Masksinterrupts other than NMI when set to 1. (NMI is accepted
regardless of the | bit setting.) The | bit is set to 1 by hardware at the start of an exception-
handling sequence.

Bit 6—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC, and
XORC instructions. This bit can also be used as an interrupt mask bit. For details see the relevant
microcontroller hardware manual.
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Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, thisflag isset to 1 if thereisacarry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
setto 1if thereisacarry or borrow at bit 11, and cleared to 0 otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L ingtruction is executed, the H flag is set to 1 if thereisacarry or
borrow at bit 27, and cleared to O otherwise.

Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC, and
XORC ingtructions.

Bit 3—Negative Flag (N): Indicates the most significant bit (sign bit) of the result of an
instruction.

Bit 2—Zero Flag (Z): Set to 1 to indicate a zero result, and cleared to O to indicate a non-zero
result.

Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to O at other
times.

Bit 0—Carry Flag (C): Set to 1 when a carry occurs, and cleared to 0 otherwise. Used by:

e Addinstructions, to indicate a carry
¢ Subtract instructions, to indicate a borrow
« Shift and rotate instructions, to store the value shifted out of the end bit

The carry flag isalso used as a bit accumulator by bit manipulation instructions. Some instructions
leave some or all of the flag bits unchanged. For the action of each instruction on the flag bits,
refer to the detailed descriptions of the instructions starting in section 2.2.1.

Operations can be performed on the CCR hits by the LDC, STC, ANDC, ORC, and XORC
instructions. The N, Z, V, and C flags are used as branching conditions for conditional branch
(Bcc) instructions.

144 Initial Register Values

When the CPU isreset, the program counter (PC) isloaded from the vector table and the | bit in
the condition-code register (CCR) is set to 1. The other CCR bits and the general registers and
extended registers are not initialized. In particular, the stack pointer (extended register E7 and
general register R7) is not initialized. The stack pointer must therefore be initialized by an MOV .L
instruction executed immediately after areset.
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15 Data Formats
The H8/300H CPU can process 1-bit, 4-bit, 8-bit (byte), 16-bit (word), and 32-bit (longword) data.
Bit-manipulation instructions operate on 1-bit data by accessingbitn(n=0, 1, 2, ..., 7) of byte

operand data. The DAA and DAS decimal-adjust instructions treat byte data as two digits of 4-bit
BCD data.

151 General Register Data Formats

Figure 1.10 shows the data formats in general registers.

Data type Register number  Data format
1-bit data rRnH 7 0
|7[6[s]4[3]2[1]o]  Dontcare
1-bit data rRo
| Domtcare  |7]6[5]4[3]2[1]0]
4-bit BCD data RnH 7 43 O
| Upper | Lower |  Dontcare |
4-bit BCD data rRo. 7 43 0
______ Dontcare | Upper | Lower |
Byte data RnH 7 0
] oantee
MSB tse '
Byte data rRo. 7 0
. Dontcare | i1 i Qi
""""""""""" MSB LSB

Figure1.10 General Register Data Formats
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Word data Rn

15
MSB
Word data En
15 0
MSB LSB
Longword data ERnN
31 16 15

Legend:

ERn: General register ER
En:  General register E
Rn:  General register R
RnH: General register RH
RnL: General register RL
MSB: Most significant bit
LSB: Least significant bit

Figure1.10 General Register Data For mats (cont)
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152 Memory Data For mats

Figure 1.11 shows the data formats on memory. The H8/300H CPU can access word data and
longword data on memory, but word or longword data must begin at an even address. If an attempt
is made to access word or longword data at an odd address, no address error occurs but the |east
significant bit of the addressis regarded as 0, so the access starts at the preceding address. This
also appliesto instruction fetches.

Data type Data format
Address /\/
7 0
1-bit data AddressL| 7|6 |5|4|3|2|1]0
Byte data AddressL [MSBI | | | 1 | ILSB
Word data Address 2M [mMsB, | 0 1
Address 2M + 1 N
Longword data Address 2N |wsB:  © ¢ 1
Address 2N + 1
Address 2N + 2
Address 2N + 3 3'—55

Figure1.11 Memory Data Formats

When ERY7 is used as an address register to access the stack, the operand size should be word size
or longword size.
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1.6 I nstruction Set

1.6.1 Overview

The H8/300H CPU has 62 types of instructions, which are classified by function in table 1.1. For a
detailed description of each instruction see section 2.2, Instruction Descriptions.

Table1.1 Instruction Classification

Function Instructions Number
Data transfer MOV, PUSH**, POP*?, MOVTPE, MOVFPE 3

Arithmetic operations ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, DAA, 18
DAS, MULXU, MULXS, DIVXU, DIVXS, CMP, NEG, EXTS,

EXTU
Logic operations AND, OR, XOR, NOT
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR 8
Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, 14
BXOR, BIXOR, BLD, BILD, BST, BIST
Branch Bcc™?, JMP, BSR, JSR, RTS 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 9
Block data transfer EEPMOV 1

Total 62 types

Notes: The shaded instructions are not present in the H8/300 instruction set.
1. POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.W Rn,
@-SP. POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.L
ERn, @-SP.

2. Bcc is the generic designation of a conditional branch instruction.
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16.2 Instructions and Addressing M odes

Table 1.2 indicates the instructions available in the H8/300H CPU.

Tablel1l.2 Instruction Set Overview
Addressing Modes
o
14
Function | Instructi EIlE|d G
unction nstruction @ x ® c 9 .
o < + © < o < X
sl &g e ¢ 8 < 3 ¢
x o lw | 2 /2w 8| & 8|2 20O
# o4 ® | ® ® ® ® ® ® | ® ® ® |
Data MOV BWL |BWL |[BWL |BWL |BWL [BWL| B |BWL | BWL| — — — —
transfer POP, PUSH | — _ _ _ _ — — — — — — | WL
MOVFPE, — | = =] = = — | B | —| =] =] =
MOVTPE
Arithmetic |ADD,CMP |BWL|BWL| — | — | — | — | — | — | — | — | — | — | —
operations [ ;g we lBwel — | — | | | =
ADDX, B B — — — —_ — — — — — — —
SUBX
ADDS, S Tk I (U R N IR U I (N R R
SUBS
INC, DEC — |BWL| — — — — — — — — — — —
DAA, DAS — B — — — — — — — — — — —
MULXU, — | BW | — — — — —_ — — — — — —
DIVXU
MULXS, — | BW | — — — — —_ — — — — — —
DIVXS
NEG — BWL| — | — | — | — | — | — | — | — | — | — | —
EXTU, EXTS| — | WL | — — — — — — — — — — —
Logic AND, OR, BWLBWL| — | — | — | — | —m | —m | —m | — | — | — | —
operations | XOR
NOT — BWL| — | — | — | — | — | — | — | — | — | — | —
Shift — BWL| — | — | — | — | — | — | — | — | — | — | —
Bit manipulation — B B — | - | = B — | = = = | = | =
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Addressing Modes
jo
@
F ti Instructi E E U'J %)
unction | Instruction i i ® g Q -
g8 8¢ e 33 < 8¢
x| c|w |2 2 w |8 |8 & 2 2 ©
#* o4 ® & | ® & | ® | ® | ® |  ® | B | © |
Branch Bcc, BSR — —_ —_ — — — — — — @) @) _ _
JMP, JSR — — O — — 0*2 — — O _
RTS — — —_ —_ — — — — — — — @)
System TRAPA SR [ U U S (P [ (U U — O]
control RTE — - == =] =] =]=1=1=1=1=10
SLEEP — — — —_ — — — — — — — _ @)
LDC B B W w w w — W W — — — —
STC — B \W w w w — \W \W — — — —
ANDC, B | — | — | — | — | = = ==l =]=1=1=
ORC,
XORC
NOP e e e e e R e e e e e e
Block data |EEPMOV.B | — | — — — | - =10
transfer EEPMOVW | — | — | — | — | — | [ 2121 2o
Legend:
B: Byte
wW:  Word
L: Longword

. Newly added instruction in H8/300H CPU

Notes: 1. The operand size of the ADDS and SUBS instructions of the H8/300H CPU has been
changed to longword size. (In the H8/300 CPU it was word size.)

Because of its larger address space, the H8/300H CPU uses a 24-bit absolute address

2.

for the JIMP and JSR instructions. (The H8/300 CPU used 16 bits.)
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16.3 Tables of Instructions Classified by Function

Table 1.3 summarizes the instructions in each functional category. The notation used in table 1.3
is defined next.

Operation Notation

Rd General register (destination)*
Rs General register (source)*
Rn General register*

ERN General register (32-bit register)
(EAd) Destination operand
(EAS) Source operand

CCR Condition code register

N N (negative) bit of CCR

z Z (zero) bit of CCR

\Y V (overflow) bit of CCR

C C (carry) bit of CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

+ Division

O AND logical

O OR logical

O Exclusive OR logical

- Move

- Not

:3/:8/:16/:24 3-, 8-, 16-, or 24-bit length

Note: * General registers include 8-bit registers (ROH/ROL to R7H/R7L), 16-bit registers (RO to
R7, EO to E7), and 32-bit registers (ERO to ER7).
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Table1.3 Instructions Classified by Function
Type Instruction  Size* Function
Data transfer MOV B/W/L  (EAs) - Rd, Rs - (EAd)
Moves data between two general registers or between
a general register and memory, or moves immediate
data to a general register.
MOVFPE B (EAs) - Rd
Moves external memory contents (addressed by
@aa:16) to a general register in synchronization with
an E clock.
MOVTPE B Rs - (EAd)
Moves general register contents to an external memory
location (addressed by @aa:16) in synchronization with
an E clock.
POP WiL @SP+ - Rn
Pops a register from the stack. POP.W Rn is identical
to MOV.W @SP+, Rn. POP.L ERn is identical to
MOV.L @SP+, ERn.
PUSH WiL Rn - @-SP
Pushes a register onto the stack. PUSH.W Rn is
identical to MOV.W Rn, @-SP. PUSH.L ERn is
identical to MOV.L ERn, @-SP.
Arithmetic ADD B/W/L RdtRs - Rd, Rdz#IMM - Rd
operations SuB Performs addition or subtraction on data in two general
registers, or on immediate data and data in a general
register. (Immediate byte data cannot be subtracted
from data in a general register. Use the SUBX or ADD
instruction.)
ADDX B Rd+Rs+C - Rd,Rd+#IMM+ C - Rd
SUBX Performs addition or subtraction with carry or borrow
on byte data in two general registers, or on immediate
data and data in a general register.
INC BW/L Rd*1 -5 Rd, Rd+2 - Rd
DEC Increments or decrements a general register by 1 or 2.

(Byte operands can be incremented or decremented by
1 only.)

Rev. 3.00 Dec 13, 2004 page 19 of 258
REJ09B0213-0300

RENESAS



Section1 CPU

Type Instruction  Size* Function
Arithmetic ADDS L Rd+*1 -5 Rd,Rd+2 - Rd,Rd+4 - Rd
operations SUBS Adds or subtracts the value 1, 2, or 4 to or from data in
a 32-bit register.
DAA B Rd decimal adjust - Rd
DAS Decimal-adjusts an addition or subtraction result in a
general register by referring to the CCR to produce 4-
bit BCD data.
MULXS B/W Rd xRs - Rd
Performs signed multiplication on data in two general
registers: either 8 bits x 8 bits — 16 bits or 16 bits x 16
bits - 32 bits.
MULXU B/W Rd xRs - Rd
Performs unsigned multiplication on data in two general
registers: either 8 bits x 8 bits — 16 bits or 16 bits x 16
bits - 32 bits.
DIVXS B/W Rd +Rs - Rd
Performs signed division on data in two general
registers: either 16 bits + 8 bits — 8-bit quotient and 8-
bit remainder or 32 bits + 16 bits - 16-bit quotient and
16-bit remainder.
DIVXU B/W Rd +Rs - Rd
Performs unsigned division on data in two general
registers: either 16 bits + 8 bits — 8-bit quotient and 8-
bit remainder or 32 bits + 16 bits — 16-bit quotient and
16-bit remainder.
CMP B/W/L  Rd-Rs, Rd —#MM
Compares data in a general register with data in
another general register or with immediate data, and
sets the CCR according to the result.
NEG B/W/L 0-Rd - Rd

Takes the two’s complement (arithmetic complement)
of data in a general register.
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Type Instruction  Size* Function
Arithmetic EXTS Wi/L Rd (sign extension) — Rd
operations Extends byte data in the lower 8 bits of a 16-bit register
to word data, or extends word data in the lower 16 bits
of a 32-bit register to longword data, by extending the
sign bit.
EXTU Wi/L Rd (zero extension) — Rd
Extends byte data in the lower 8 bits of a 16-bit register
to word data, or extends word data in the lower 16 bits
of a 32-bit register to longword data, by padding with
Zeros.
Logic operations AND B/W/L RdORs - Rd, Rd O#IMM - Rd
Performs a logical AND operation on a general register
and another general register or immediate data.
OR B/W/L RdORs - Rd, Rd O#IMM - Rd
Performs a logical OR operation on a general register
and another general register or immediate data.
XOR B/W/L RdORs - Rd,Rd O #IMM - Rd
Performs a logical exclusive OR operation on a general
register and another general register or immediate
data.
NOT B/W/L - (Rd) - (Rd)
Takes the one’s complement of general register
contents.
Shift operations  SHAL B/W/L  Rd (shift) - Rd
SHAR Performs an arithmetic shift on general register
contents.
SHLL B/W/L  Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
ROTL B/W/L  Rd (rotate) - Rd
ROTR Rotates general register contents.
ROTXL B/W/L  Rd (rotate) - Rd
ROTXR Rotates general register contents through the carry bit.
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Type Instruction

Size*

Function

Bit-manipulation BSET
instructions

1 - (<bit-No.> of <EAd>)

Sets a specified bit in a general register or memory
operand to 1. The bit number is specified by 3-bit
immediate data or the lower three bits of a general
register.

BCLR

0 - (<bit-No.> of <EAd>)

Clears a specified bit in a general register or memory
operand to 0. The bit number is specified by 3-bit
immediate data or the lower three bits of a general
register.

BNOT

= (<bit-No.> of <EAd>) - (<bit-No.> of <EAd>)

Inverts a specified bit in a general register or memory
operand. The bit number is specified by 3-bit
immediate data or the lower three bits of a general
register.

BTST

- (<bit-No.> of <EAd>) - Z

Tests a specified bit in a general register or memory
operand and sets or clears the Z flag accordingly. The
bit number is specified by 3-bit immediate data or the
lower three bits of a general register.

BAND

BIAND

C O(<bit-No.> of <EAd>) - C

ANDs the carry flag with a specified bit in a general
register or memory operand and stores the result in the
carry flag.

C O~ (<bit-No.> of <EAd>) -~ C

ANDs the carry flag with the inverse of a specified bit in
a general register or memory operand and stores the
result in the carry flag.

The bit number is specified by 3-bit immediate data.
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Type Instruction  Size* Function
Bit-manipulation BOR B C O(<bit-No.> of <EAd>) - C
instructions ORs the carry flag with a specified bit in a general
register or memory operand and stores the result in the
carry flag.
BIOR B C O[~ (<bit-No.> of <EAd>)] -~ C
ORs the carry flag with the inverse of a specified bit in
a general register or memory operand and stores the
result in the carry flag.
The bit number is specified by 3-bit immediate data.
BXOR B C O (<bit-No.> of <EAd>) - C
Exclusive-ORs the carry flag with a specified bit in a
general register or memory operand and stores the
result in the carry flag.
BIXOR B C O [~ (<bit-No.> of <EAd>)] - C
Exclusive-ORs the carry flag with the inverse of a
specified bit in a general register or memory operand
and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.
BLD B (<bit-No.> of <EAd>) -~ C
Transfers a specified bit in a general register or
memory operand to the carry flag.
BILD B 7 (<bit-No.> of <EAd>) -~ C
Transfers the inverse of a specified bit in a general
register or memory operand to the carry flag.
The bit number is specified by 3-bit immediate data.
BST B C - (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a
general register or memory operand.
BIST B 7 C - (<bit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a
specified bit in a general register or memory operand.

The bit number is specified by 3-bit immediate data.
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Type Instruction  Size* Function
Branching Bcc — Branches to a specified address if a specified condition
instructions is true. The branching conditions are listed below.
Mnemonic Description Condition
BRA(BT) Always (true) Always
BRN(BF) Never (false) Never
BHI High cpoz=0
BLS Low or same cz=1
Bcc(BHS) Carry clear C=0
(high or same)
BCS(BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal zZ=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONOWV)=0
BLE Less or equal ZzONNOV)=1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address.
JSR — Branches to a subroutine at a specified address.
RTS — Returns from a subroutine.
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Type Instruction  Size* Function
System control ~ TRAPA — Starts trap-instruction exception handling.
Instructions RTE — Returns from an exception-handling routine.
SLEEP — Causes a transition to the power-down state.
LDC B/W (EAs) - CCR
Moves the source operand contents to the condition
code register. Byte transfer is performed in the #xx:8,
Rs addressing mode and word transfer in other
addressing modes.
STC B/W CCR - (EAd)
Transfers the CCR contents to a destination location.
Byte transfer is performed in the Rd addressing mode
and word transfer in other addressing modes.
ANDC B CCR O#IMM - CCR
Logically ANDs the condition code register with
immediate data.
ORC B CCR O#IMM - CCR
Logically ORs the condition code register with
immediate data.
XORC B CCR O #IMM - CCR
Logically exclusive-ORs the condition code register
with immediate data.
NOP — PC+2 - PC

Only increments the program counter.
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Type Instruction  Size* Function

Block data EEPMOV.B — if R4L # 0 then
transfer Repeat @ERS5 + - @ER6 +
instruction R4L — 1 - RA4L
Until R4L =0
else next;

EEPMOV.W — if R4 # 0 then
Repeat @ERS5 +- @ER6 +
R4 —1-R4L
UntiR4=0
else next;

Transfers a data block according to parameters set in
general registers R4L or R4, ER5, and R6.

RA4L or R4: size of block (bytes)
ERS: starting source address
R6: starting destination address

Execution of the next instruction begins as soon as the
transfer is completed.

Note: * Size refers to the operand size.
B: Byte
W: Word
L: Longword

1.6.4 Basic Instruction Formats

The H8/300H instructions consist of 2-byte (1-word) units. An instruction consists of an operation
field (OPfield), aregister field (r field), an effective address extension (EA field), and a condition
field (cc).

Operation Field: Indicates the function of the instruction, the effective address, and the operation
to be carried out on the operand. The operation field always includes the first four bits of the
instruction. Some instructions have two operation fields.

Register Field: Specifies ageneral register. Address registers are specified by 3 bits, data
registers by 3 bits or 4 bits. Some instructions have two register fields. Some have no register
field.

Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absolute
address, or adisplacement. A 24-bit address or a displacement is treated as 32-bit datain which
thefirst 8 bitsare 0.
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Condition Field: Specifies the branching condition of Bcc instructions.

Figure 1.12 shows examples of instruction formats.

(1) Operation field only

op

(2) Operation field and register fields

op

m

rm

NOP, RTS, etc.

ADD. Rn, Rm, etc.

(3) Operation field, register fields, and effective address extension

op

m

rm

EA (disp)

MOV @(d:16, Rn), Rm

(4) Operation field, effective address extension, and condition field

op

cc

EA (disp)

BRA @(d:8, PC)

Figure1.12 Instruction Formats
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165 Addressing M odes and Effective Address Calculation
(1) Addressing Modes

The H8/300H CPU supports the eight addressing modes listed in table 1.4. Each instruction uses a
subset of these addressing modes. Arithmetic and logic instructions can use the register direct and
immediate modes. Data transfer instructions can use all addressing modes except program-counter
relative and memory indirect. Bit manipulation instructions use register direct, register indirect, or
absolute (8-bit) addressing mode to specify an operand, and register direct (BSET, BCLR, BNOT,
and BTST ingtructions) or immediate (3-bit) addressing mode to specify a bit number in the
operand.

Tablel.4 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERnN
3 Register indirect with displacement @(d:16,ERn)/@(d:24,ERn)
4 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERnN
5 Absolute address @aa:8/@aa:16/@aa:24
6 Immediate H#xX:8/#xX:16/#xx:32
7 Program-counter relative @(d:8,PC)/@(d:16,PC)
8 Memory indirect @@aa:8

1 Register Direct—Rn: The register field of the instruction specifies an 8-, 16-, or 32-bit general
register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers.
RO to R7 and EO to E7 can be specified as 16-hit registers. ERO to ER7 can be specified as 32-bit
registers.

2 Register Indirect—@ERN: The register field of the instruction code specifies an address
register (ERn), the lower 24 hits of which contain the address of a memory operand.

3 Register Indirect with Displacement—@(d: 16, ERn) or @(d:24, ERn): A 16-bit or 24-bit
displacement contained in the instruction is added to an address register (an extended register
paired with a general register) specified by the register field of theinstruction, and the lower 24
bits of the sum specify the address of a memory operand. A 16-bit displacement is sign-extended
when added.
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4 Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERnN:

* Register indirect with post-increment—@ERN+
The register field of the instruction code specifies an address register (ERn), the lower 24 bits
of which contain the address of amemory operand. After the operand is accessed, 1, 2, or 4is
added to the address register contents (32 bits) and the sum is stored in the address register.
The value added is 1 for byte access, 2 for word access, or 4 for longword access. For word or
longword access, the register value should be even.

* Register indirect with pre-decrement—@-ERn
Thevaluel, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the lower 24 bits of the result becomes the address of a memory
operand. The result is aso stored in the address register. The value subtracted is 1 for byte
access, 2 for word access, or 4 for longword access. For word or longword access, the resulting
register value should be even.

5 Absolute Address—@aa: 8, @aa: 16, or @aa: 24: The instruction code contains the absolute
address of amemory operand. The absol ute address may be 8 bits long (@aa:8), 16 bits long
(@aa:16), or 24 bitslong (@aa:24). For an 8-bit absolute address, the upper 16 bits are all
assumed to be 1 (H'FFFF). For a 16-bit absolute address the upper 8 bits are a sign extension.

A 24-bit absolute address can access the entire address space. Table 1.5 indicates the accessible
address ranges.

Table1l5 Absolute Address Access Ranges

Normal Mode Advanced Mode
8 bits H'FF00 to H'FFFF H'FFFFO0 to H'FFFFF
(@aa:8) (65,280 to 65,535) (16,776,960 to 16,777,215)
16 bits H'0000 to H'FFFF H'000000 to H'007FFF, H'FF8000 to H'FFFFFF
(@aa:16) (0 to 65,535) (0 to 32,767, 16,744,448 to 16,777,215)
24 bits H'0000 to H'FFFF H'00000 to H'FFFFF
(@aa:24) (0 to 65,535) (0 to 16,777,215)

For further details on the accessible range, see the relevant microcontroller hardware manual.

6 Immediate—#xx:8, #xx:16, or #xx:32: Theinstruction contains 8-hit (#xx:8), 16-bit (#xx:16),
or 32-bit (#xx:32) immediate data as an operand.

The ADDS, SUBS, INC, and DEC instructions contain immediate dataimplicitly. Some bit
manipulation instructions contain 3-bit immediate data in the second or fourth byte of the
instruction, specifying a bit number. The TRAPA instruction contains 2-bit immediate datain the
second byte of the instruction, specifying a vector address.
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7 Program-Counter Relative—@(d:8, PC) or @(d: 16, PC): Thismodeisused in the Bcc and
BSR ingtructions. An 8-bit or 16-bit displacement contained in the instruction is sign-extended and
added to the 24-bit program counter (PC) contents to generate a branch address. The PC value to
which the displacement is added is the address of the first byte of the next instruction, so the
possible branching range is —126 to +128 bytes (—63 to +64 words) or —32766 to +32768 bytes
(16383 to +16384 words) from the branch instruction. The resulting value should be an even
number.

8 Memory Indirect—@@aa: 8: This mode can be used by the IMP and JSR instructions. The
second byte of the instruction specifies a memory operand by an 8-bit absolute address. This
memory operand contains a branch address. The upper 8 bits of the absolute address are assumed
to be 0 (H'00), so the address range is 0 to 255 (H’ 0000 to H’ 00FF in normal mode, H'000000 to
H'0000FF in advanced mode). In norma mode the memory operand is a word operand and the
branch address is 16 bits long. In advanced mode the memory operand is alongword operand. The
first byte isignored and the branch address is 24 bitslong. Note that the first part of the address
range is also the exception vector area. For further details see the relevant microcontroller
hardware manual.

J\ J\

Specified - Specified —~ Reserved
by @aa:8 | Branch address  ----1 by @aa:8

\/\

Branch address

(&) Normal mode (b) Advanced mode

Figure 1.13 Branch Address Specification in Memory Indirect Mode

If an odd address is specified in word or longword memory access, or as a branch address, the
least significant bit isregarded as 0, causing access to be performed at the address preceding the
specified address. [ See (2) Memory Data Formatsin section 1.5.2 for further information.]

(2) Effective Address Calculation

Table 1.6 indicates how effective addresses are calculated in each addressing mode. In normal
mode the upper 8 bits of the effective address are ignored in order to generate a 16-bit address.
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Section 2 Instruction Descriptions

2.1 Tablesand Symbols

This section explains how to read the tables describing each instruction. Note that the descriptions
of some instructions extend over two pages or more.

Mnemonic (full name): Gives the full and mnemonic names of the instruction.
Type: Indicates the type of instruction.
Operation: Describes the instruction in symbolic notation. (See section 2.1.2, Operation.)

Assembly-L anguage Format: Indicates the assembly-language format of the instruction. (See
section 2.1.1, Assembler Format.)

Operand Size: Indicates the available operand sizes.

Condition Code: Indicates the effect of instruction execution on the flag bitsin the CCR. (See
section 2.1.3, Condition Code.)

Description: Describes the operation of the instruction in detail.

Available Registers: Indicates which registers can be specified in the register field of the
instruction.

Operand Format and Number of States Required for Execution: Shows the addressing modes
and instruction format together with the number of states required for execution.

Notes: Gives notes concerning execution of the instruction.
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211 Assembler Format

Example: ADD. B <EAs>, Rd
—L Destination operand

Source operand

Size

L Mnemonic

The operand size is byte (B), word (W), or longword (L). Some instructions are restricted to a
limited set of operand sizes.

The symbol <EA> indicates that two or more addressing modes can be used. The H8/300H CPU
supports the eight addressing modes listed next. Effective address calculation is described in
section 1.7, Effective Address Calculation.

Symbol Addressing Mode

Rn Register direct

@ERN Register indirect

@(d:16, ERn)/@(d:24, ERn) Register indirect with displacement (16-bit or 24-bit)
@ERN+, @-ERnN Register indirect with post-increment or pre-decrement
@aa:8/16/24 Absolute address (8-bit, 16-bit, or 24-bit)

#xx:8/16/32 Immediate (8-bit, 16-bit, or 32-bit)

@(d:8, PC)/@(d:16, PC) Program-counter relative (8-bit or 16-bit)

@@aa:8 Memory indirect
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212

Operation

The symbols used in the operation descriptions are defined as follows.

Symbol Meaning

Rd General destination register”

Rs General source register”

Rn General register*

ERd General destination register (address register or 32-bit register)

ERs General source register (address register or 32-bit register)

ERnN General register (32-bit register)

(EAd) Destination operand

(EAS) Source operand

PC Program counter

SP Stack pointer

CCR Condition-code register

N N (negative) flag in CCR

4 Z (zero) flag in CCR

\% V (overflow) flag in CCR

C C (carry) flag in CCR

disp Displacement

- Transfer from the operand on the left to the operand on the right, or transition
from the state on the left to the state on the right

+ Addition of the operands on both sides

- Subtraction of the operand on the right from the operand on the left

X Multiplication of the operands on both sides

+ Division of the operand on the left by the operand on the right

O Logical AND of the operands on both sides

O Logical OR of the operands on both sides

O Logical exclusive OR of the operands on both sides

- Logical NOT (logical complement)

()< > Contents of effective address of the operand

Note: * General registers include 8-bit registers (ROH to R7H and ROL to R7L), 16-bit registers

(RO to R7 ad EO to E7) and 32-bit registers.
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2.1.3 Condition Code

The symbols used in the condition-code description are defined as follows.
Symbol Meaning
! Changes according to the result of the instruction
* Undetermined (no guaranteed value)
0 Always cleared to 0
— Not affected by execution of the instruction
A Varies depending on conditions; see the notes.
214 Instruction Format
The symbols used in the instruction format descriptions are listed below.
Symbol Meaning
IMM Immediate data (2, 3, 8, 16, or 32 bits)
abs Absolute address (8, 16, or 24 bits)
disp Displacement (8, 16, or 24 bits)
rs, rd, rn Register number (4 bits. The symbol rs corresponds to operand symbols such
as Rs. The symbol rd corresponds to operand symbols such as Rd. The symbol
rn corresponds to the operand symbol Rn.)
ers, erd, ern Register number (3 bits. The symbol ers corresponds to operand symbols such

as ERs. The symbol erd corresponds to operand symbols such as ERd and
@ERd. The symbol ern corresponds to the operand symbol ERn.)
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215 Register Specification

Address Register Specification: When a general register is used as an address register [ @ERN,
@(d:16, ERn), @(d:24, ERn), @ERN+, or @-ERnN], the register is specified by a 3-bit register
field (ers or erd). The lower 24 bits of the register are valid.

Data Register Specification: A general register can be used as a 32-bit, 16-bit, or 8-bit data
register, which is specified by a 3-bit register number. When a 32-bit register (ERn) isused asa
longword dataregister, it is specified by a 3-bit register field (ers, erd, or ern). When a 16-bit
register is used as aword data register, it is specified by a4-bit register field (rs, rd, or rn). The
lower 3 bits specify the register number. The upper bit is set to 1 to specify an extended register
(En) or cleared to 0 to specify ageneral register (Rn). When an 8-hit register is used as a byte data
register, it is specified by a 4-bit register field (rs, rd, or rn). The lower 3 bits specify the register
number. The upper bit is set to 1 to specify alow register (RnL) or cleared to O to specify ahigh
register (RnH). Thisis shown next.

Address Register

32-bit Register 16-bit Register 8-bit Register
Register General Register General Register General
Field Register Field Register Field Register
000 ERO 0000 RO 0000 ROH
001 ER1 0001 R1 0001 R1H
111 EIR7 Oill R7 0111 R7H
1000 EO 1000 EOL
1001 El 1001 E1L
1111 E7 1111 EI7L
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